This study used a moderator model to examine the relationship between active living and the physical components of health-related quality of life [i.e. overall physical component of quality of life (PQOL), physical functioning and ability to fulfill physical role] among a randomly selected sample of rural residents (n 5 407) from the Midwestern US. Results showed that active living was associated with greater increases in health-related quality of life for those reporting lower income. The effect size of the relationship between active living and the PQOL for the low-income group was over 2 times the effect size for the high-income group. For physical functioning, the effect size of active living for the low-income group was greater than 3 times the effect size for the highincome group. Although active living behaviors have been demonstrated to be less prevalent among those of low socioeconomic status, this group may have the most to gain from these activities. Findings highlight the need for increased and specifically targeted promotion of active living interventions.
Introduction
The benefits of regular physical activity on health are well documented, and include decreased prevalence of coronary heart disease (Powell et al., 1987) and cancer (Albanes et al., 1989) , as well as decreased all-cause mortality (Leon and Connett, 1991; Paffenbarger et al., 1986) . Although healthrelated quality of life (HRQOL) has joined morbidity and mortality as a health outcome of interest in recent years, much of the research on the HRQOL benefits of physical activity has focused on populations with specific disease states, e.g. coronary heart disease (Hage et al., 2003) , osteoarthritis (Dias et al., 2003) , kidney disease (Brodin et al., 2001 ) and liver disease (Hickman et al., 2004) . The description of the relationship between physical activity and HRQOL in the general population is less adequate (Brown et al., 2003) . The few studies that have been performed indicate a positive relationship between physical activity and HRQOL (Rejeski et al., 1996; Ellingson and Conn, 2000; Rejeski and Mihalko, 2001; Brown et al., 2003) .
Similarly, while the link between socioeconomic status (SES) and health is well established (Rose and Marmot, 1981; Marmot et al., 1984; Marmot et al., 1991) , few studies investigating SES have focused on HRQOL as an outcome. Existing evidence indicates that HRQOL correlates with SES (Hemingway et al., 1997) . Previous investigations have shown that health behaviors explain a moderate amount of SES disparities in morbidity and mortality, but emphasize that health behaviors could not explain all of the difference due to SES (Rose and Marmot, 1981; Lantz et al., 1998; Lantz et al., 2001) . Low physical activity, in particular, has been shown to significantly predict deleterious health change (Lantz et al., 2001) .
The objective of this study was to utilize a moderator model (Figure 1 ) to examine whether there is a differential relationship between active living and the physical aspects of HRQOL (PQOL) at various income levels. Often, investigations infer that a third variable moderates a demonstrated relationship, but do not explicitly test a moderator model via a linear regression interaction term. Several authors have used moderator models to demonstrate the moderating effects of SES on other health relationships (Lachman and Weaver, 1998; Kempen et al., 1999; Brummett et al., 2003; Hughey, 2002, 2004) . This investigation fills an important gap in research, since health benefits of physical activity for disparate income groups within the general population have not been empirically demonstrated.
Method

Participants
This study was part of a larger evaluation of rural community health in two Midwest communities, with year 2003 populations of approximately 2500 and 2200. A database of adult members of the two communities was compiled from the telephone listings and county auditor's housing records. Those with addresses that fell within a 3-mile radius of the center of each town were included as prospective participants. Participants, randomly selected from this database, were contacted first by letter and then by telephone call. Criteria for ineligibility included residence in a care facility, current hospitalization, residence outside of the defined community boundaries and lack of fluency in spoken English. All data was collected during in-person interviews in 2003. The response rate was 25%.
The age range of the participants (n = 407) was 25-88 years, with a mean age of 56.5 years. The sample was 57.0% female. The majority of the participants, 98.8%, were white/non-Hispanic, while the remaining 1.2% was white/Hispanic. Educationally, 93.9% of participants had obtained a high school diploma and 26.0% had at least a 4-year college degree. For household income, 2.3% reported less than US$10 000, 21.4% reported US$10 000-24 999, 36.4% reported US$25 000-49 999, 28.1% reported US$50 000-74 999 and 11.8% reported $75 000 or more.
Measures
Physical activity
Physical activity was assessed using the Baecke physical activity questionnaire (Baecke et al., 1982) . The questionnaire consists of three indices each measuring a different type of physical activity, labeled occupation, sport and leisure/transportation. This is a widely used questionnaire considered valid and reliable in adult populations (Kriska and Caspersen, 1997) . Test-re-test reliability scores for occupation, sport and leisure/transportation indices were 0.88, 0.81 and 0.74, respectively (Baecke et al., 1982) . Validity studies have revealed correlations with 3-day activity diaries of 0.66 for men and 0.44 for women (Pols et al., 1995) and correlations with VO 2max of 0.54 in a population of both men and women (Jacobs et al., 1993) . In addition to occupation, sport and leisure/transportation, a fourth type of physical activity was also collected using the caretaker/household index of a modified Baecke physical activity questionnaire, known as the Kaiser physical activity survey (Ainsworth et al., 2000) . 
Income and active living
The caretaker/household index is comprised of 11 items measuring time spent in elder and child care tasks, preparing meals, light cleaning, and heavy cleaning activities (Ainsworth et al., 2000) . The occupation index consists of seven questions that query time spent sitting, standing, walking, lifting heavy loads, feeling tired and sweating while at work, as well as rating relative physical activity at work compared to others of the same age (Baecke et al., 1982) . The sport index consists of three items about sports and exercise that ask about frequency of sports and exercise, sweating during sports and exercise, and amount of recreational physical activity performed compared to others the same age. The leisure/transportation index is comprised of four items that query frequency of walking and riding a bicycle, time spent walking or bicycling for transportation, and time spent watching television (the last of which is negatively scored).
We calculated the mean of the sport and leisure/ transportation indices, and refer to this variable as active living. We focused on active living to align our study with previous research (Lavizzo-Mourey and McGinnis, 2003; Sallis et al., 2005) . The definition of active living used in this study, encompassing a combination of physical activity performed at leisure and for transportation, is consistent with the definition currently utilized by others in the field (Lavizzo-Mourey and McGinnis, 2003; Sallis et al., 2005) . In addition, we calculated the mean of the scores on the occupation and caretaker/household indices, and refer to this variable as home/work. The home/work score was utilized as a control variable in all analyses.
HRQOL
HRQOL was measured via the Medical Outcomes Study (MOS) Short Form Health Survey (SF-36). Nationally and internationally, the SF-36 is the most widely used HRQOL survey (Ware et al., 2002) . It has been validated extensively on general and atrisk populations, and demonstrates high reliability and construct validity (Ware and Sherbourne, 1992) . The SF-36 contains 36 items scored in eight subscales, each measuring a separate health concept: physical functioning (10 items), role limitations due to physical health problems (four items), bodily pain (two items), general health (five items), vitality (four items), social functioning (two items), role limitations due to emotional problems (three items) and mental health (five items). In addition, the measure contains one unscaled item on health change over the past year. For this study, the outcome variables were the physical aspects of HRQOL (PQOL). PQOL variables include the four physical subscales of the SF-36, e.g. physical functioning, physical role limitations, bodily pain and general health, and the corresponding physical component score.
All SF-36 variables were scored according to the norm-based scoring system for the US 1998 general population norms, facilitating meaningful data interpretation (Ware et al., 2002) . To calculate the norm-based score for each subscale, the MOS score of 0-100 is first determined for each. The MOS score is standardized to a z-score by subtracting the MOS US general population mean and dividing the result by the population SD. Each z-score is transformed to a norm-based score with a mean of 50 and SD of 10 in the general population. To calculate the summary physical component score from the eight subscales, each scale z-score is multiplied by a predetermined physical factor coefficient and the eight products were summed. This aggregate score was standardized to a general population mean of 50 and standard deviation of 10. MOS guidelines for missing data were followed (Ware and Kosinski, 2001 ).
Other variables
The proxy for SES utilized in this study is household income. It has been suggested that recent income is at least as highly correlated with mortality outcomes as other traditional indicators of SES (Daly et al., 2002) . Other study variables include age, sex and body mass index (BMI). Household income, which was collected categorically as one of eight self-reported income ranges, and age were determined by self-report. BMI was calculated from anthropometric measurements of height and weight taken during the interview.
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Procedures
Ethical approval was granted from the university Institutional Review Board. Extra care was taken to maintain the confidentiality of the participants, due to decreased anonymity within a rural community, and informed consent was obtained from each participant.
Active living and HRQOL were collected by means of participant self-administered written surveys. Household income, sex and age were collected as part of a face-to-face interview, and BMI was measured by a research assistant. Interviews were held in the communities at central locations. The complete interview consisted of a number of measures and required the participant to spend approximately 90 minutes to complete the full battery of instruments. Participants were compensated with US$25.
Analysis
As consistent with recommendations in the literature for the testing of moderator effects, we regressed the dependent variable on the independent variable, moderator and their product term (Baron and Kenny, 1986) . Specifically, a hierarchical regression analysis with the SF-36 physical component score as the dependent variable was performed. Because age, sex and BMI are factors highly correlated with HRQOL (Jenkinson et al., 1993; Ford et al., 2001; Gallant and Dorn, 2001; Groessl et al., 2004) , these factors were entered first. Home/work physical activity was entered next to control for physical activity that is performed in addition to active living behaviors. Income, active living, and the interaction of income and active living were then entered hierarchically.
Results
The difference in PQOL across income groups in our study was notable. After adjusting for all covariates in the study, the average physical component score for the low-income group was 44.98, compared to 50.67 and 51.20 for the medium-and high-income groups. After controlling for all covariates, the average physical functioning scores for the low-, medium-and high-income groups were 44.92, 50.12 and 51.73, respectively. The average role-physical scores for the low-, medium-and high-income groups were 45.59, 51.58 and 51.81, respectively, after controls. As the MOS normbased scoring system has a general population mean of 50 with a SD of 10, the difference between the low-income group is notably dissimilar to both the general population mean and the current study's medium/high-income group scores on all three measures.
As shown in Table I , results of the hierarchical regression analysis support the moderator model for the interaction of income and active living on physical component score. Age was entered into the model first and was a significant predictor of the physical component score, accounting for 19% of the variance in the score. Sex, the second factor added to the model, did not contribute any unique explanation. BMI was significant, with a unique contribution of 7% of the variance in physical component score, while home/work did not contribute any unique explanation. Income and active living were significant predictors, contributing 6 and 4% of the variance, respectively. Finally, the interaction Income and active living between income and active living was also significant after controlling for the above factors.
In order to further examine the moderator effect on PQOL, four hierarchical regression analyses were then performed, with each of the four SF-36 physical subscales serving as the dependent variable. The income by active living interaction was significant for the physical functioning and role limitations due to physical role (role-physical) scales, but not for the bodily pain or general health scales. Results of the physical functioning and rolephysical models can be seen in Table II . For the hierarchical regression on the physical functioning scale, age, sex, BMI and home/work were all significant predictors of physical functioning, explaining 24, 1, 7 and 2% of the variance in the scale score, respectively. After controlling for the above factors, income, active living and the income by active living interaction were added to the model. All three were significant predictors. Income explained 8% of the variance in physical functioning and leisure-time physical activity explained 7% of the variance. The interaction term was significant after controlling for all other variables. For the regression on role-physical, age was a significant contributor, accounting for 18% of the variance. Sex was insignificant, explaining none of the model variance. BMI, a significant factor, contributed 2% of the variance. Home/work contributed no unique variance to the model. After controlling for the above factors, income described 5% of the variance in role-physical. Active living was not significant when added next, and did not contribute any unique effects to the model. However, when the income by active living interaction was added to the model, the unique effects of active living became significant. In addition, the interaction was a significant predictor of role-physical.
To increase the interpretation of this moderator effect, analysis of covariance (ANCOVA) was performed to examine the nature of the relationship between active living and the three dependent variables (i.e. physical component score, physical functioning, and role-physical) for people of lower-, middle-and higher-income groups. The use of post-hoc ANCOVA is consistent with prior research that has investigated moderator effects of SES on health (Lachman and Weaver, 1998) . For the post-hoc analyses only, active living was recoded into three equal-sized categories. These categories were labeled low, medium and high active living. Household income was also recoded into three similarly-sized categories, specifically: less than US$25 000 (n = 92), US$25 000-49 999 (n = 144) and US$50 000 and above (n = 155). As in the hierarchical regression analysis, age, sex, BMI and home/work were included in the analyses as covariates. The relationship between active (Figure 3 ) scores for individuals of all income levels differed significantly between low-, medium-and high-active individuals. For the participants within the low-income category, physical functioning for those reporting low activity was significantly lower than physical functioning for those reporting medium activity (p = 0.001), and those reporting medium activity had significantly lower physical functioning than those reporting high activity (P < 0.001). The effect size of active living and physical functioning for those with low income was g 2 p = 0:240. For those in the medium-income category, low activity corresponded with significantly lower physical functioning than medium activity (P < 0.05), while medium activity corresponded with significantly lower physical functioning than high activity (P < 0.05), (g 2 p = 0:052). For the high-income group, physical functioning scores for low-active living were significantly different from medium-active living (P < 0.05) and physical functioning scores for medium active living were significantly different from high-active living (P = 0.001). The effect size of the relationship between active living and physical functioning for those with high income was g 2 p = 0:072. The effect size of active living level on physical functioning for the low-income group was a magnitude of 3-4 times greater than the effect sizes for the medium-and high-income groups.
The interaction between active living and income for role-physical is shown in Figure 4 . Notably, the ANCOVA results were not significant in the post-hoc analysis because of the reduced variability in active living and income that occurred from our recoding into categories. However, the pattern of the interaction is similar to the patterns for both the physical component score and physical functioning. As can be observed in Figure 4 , the increase in role-physical from low-active living to medium and high-active living was greatest for the low-income group.
Discussion
Our study suggests a differential relationship between active living and HRQOL at various levels of income. Specifically, income was found to be a significant moderator of the relationship between active living and PQOL, demonstrated in the regression on the summary physical component score, the physical functioning subscale and the role-physical subscale. This was evidenced in the post-hoc analyses, where it was shown that the effect size for active living on physical component Income and active living score for the low-income group was more than twice the magnitude of the active living effect size for the physical component score of the mediumand high-income groups. The effect size for active living on physical functioning of the low-income group was between 3-4 times the effect size associated with the medium-and high-income group physical functioning.
The interaction effect was seen for physical functioning and role-physical subscales, but not for bodily pain and general health. This suggests that the differential association between active living and PQOL for individuals of lower income compared to those of higher income is specific to certain physical health aspects, i.e. greater functioning and decreased disability. Physical functioning and role-physical, the two SF-36 factors that have the greatest factor loading with physical composite score, are essentially the 'most physical' of the SF-36 subscales. While bodily pain has only slightly lower factor loading with physical component score, general health has moderate correlations with the rotated components of both physical component score and its companion mental component score, and can therefore be considered both a physical and a mental SF-36 subscale (Ware and Kosinski, 2001) .
In recent years, SES has been shown to be an important determinant of health. The Whitehall Study of British civil servants investigated the social gradient of SES and health. Even though the Whitehall study population did not include the extremes of SES, the effects of SES on health were impressive. The Whitehall investigators found that employment grade positively affects health, both in overall mortality and for individual disease states, such as heart disease, stroke and cancer (Marmot et al., 1984) . Those in the lowest civil service employment grade had 4 times the mortality rate of those in the highest administrative employment grade. In addition, this occurred as a gradient, with the second highest employment grade experiencing a higher mortality rate than the highest employment grade. This pattern was repeated across all grades (Marmot and Shipley, 1996) . Hemingway et al. (Hemingway et al., 1997) showed a direct relationship between civil service grade of employment and scale scores on the SF-36. This effect was largest for physical functioning. In addition, the decrease in physical functioning with decreasing employment grade occurred in both individuals with and without disease, suggesting that this effect occurs independent of disease. Others have shown a similar relationship between physical functioning and SES (Pinsky et al., 1987; Berkman et al., 1993; Seeman et al., 1994) .
The differences in PQOL across income groups in our study were notable. As presented in the results, after adjusting for covariates, the average physical component score for the low-income group was 44.98, compared to 50.67 and 51.20 for the medium-and high-income groups. While we are unaware of disease status of participants in different income groups, it is helpful to compare the association between income and physical component score in this study to published effects of pathology on the physical component score. The difference of more than five points between those in the low-income group and those in the two higherincome groups is greater than general population estimates of the unique effects of many diseases, including back pain (3.75), angina (3.67), diabetes (3.44), chronic lung disease (3.12) and arthritis (2.77) (Ware and Kosinski, 2001) . The individuals within our sample reporting less than US$25 000 annual household income experienced a greater disparity in PQOL than the deficits experienced by individuals with many chronic diseases.
One possible explanation for the effect of SES on health is a psychobiological mechanism. Long-term social stress has been linked to chronically elevated cortisol levels in animal studies (Sapolsky and Mott, 1987; Sapolsky et al., 1997) and human studies (Hellhammer et al., 1997; Kristenson et al., 1998; Pruessner et al., 1999) . Low SES is associated with multiple psychosocial stressors that affect health. In the Whitehall II study, decreased employment gradient position was linked to increasingly low control of work activities, lack of work variety, low job satisfaction, increased hostility, low social contact, distressing events, financial difficulties and low control over health outcomes (Marmot et al., 1991) . Further, abnormal cortisol levels have been linked to the stress of low SES (Kristenson et al., 1998) . Chronic elevations of cortisol, as well as epinephrine and norepinephrine (catecholamines), have been linked to decreased health status (Kristenson et al., 2004) , offering an explanation for the relationship between SES and health. Just as cortisol and catecholamines are part of the adaptive physiological response to stress, their release is an important part of the adaptive physiological response to exercise. A chronic adaptation to exercise includes lower levels of circulating catecholamines. In addition, a decline in state anxiety after exercise is well documented in the literature (Astrand et al., 2003) . It is possible that the effects of physical activity counteract the maladaptive cortisol and catecholamine response to prolonged stress, which would account for the greater correlation between active living and PQOL for individuals of low income that were observed in the present study.
There are several limitations to this study. The study is cross-sectional in design, so only weak causal inferences can be drawn. This allows the possibility that PQOL serves the causal role in the observed relationships, with active living prevalence differing as an effect of differing PQOL. Also, both PQOL and physical activity were measured via self-report and we had no objective measure of health status, level of functioning or activity. In addition, there was no measure of disease or medical diagnosis in the study, so we were unable to factor out effects of disease on PQOL. Finally, the three SF-36 variables included in the study had skewed distributions (e.g. skewness values of ÿ1.31 to ÿ1.59). Previous research using the SF-36 to study socioeconomic influences on health-related quality of life justified use of parametric methods, given that, although distributions for the SF-36 variables were non-normal, non-parametric methods revealed no differences in trends (Hemingway et al., 1997) .
There are additional study limitations regarding characteristics of the sample. The sample size in this study was small for a population-based study. Although the sample size for the present study was limited to only 407 individuals, it represents over 10% of the entire study population because of the low population density of the rural communities in the study. Future research, however, particularly those studies drawing samples from large, urban populations, should strive for larger samples to adequately represent these populations. Additional characteristics of the sample that may limit generalizability of the study results include limited diversity in education, race, ethnicity and the rural nature of the population. It is possible that these factors may moderate the relationship between active living and quality of life. While these are limitations, high levels of education and little racial diversity are typical of rural Midwestern communities, and it is an important to study the health of rural communities as the 2000 US Census reported that 21% of the US population lives in rural areas.
Despite these limitations, our findings are consistent with previous research that has shown that physical activity and other health behaviors explained some, but not all, of the health differences among SES groups (Rose and Marmot, 1981; Lantz et al., 1998; Lantz et al., 2001) . This previous work did not explicitly test a moderator model that included activity, SES and health outcomes. Our results suggest that income acts as a moderator in its relationship with active living and PQOL.
We do not disagree with the sentiment that public health should continue to focus on economic policy, to work toward changing social and economic causes of poor health. Socioeconomic disparity Income and active living creates deleterious health outcomes and this is a major injustice. In spite of this, efforts should be made to reduce negative health consequences in light of economic disadvantage that does exist. The results of this study indicate that active living can have meaningful effects on the physical circumstance of those with lower income. Health promotion should continue to focus on active living in low-income communities via health promotion programming and via resources for an infrastructure that supports active living. Among those of low SES, active living behaviors are less prevalent (Lynch et al., 1997) , yet this group may have the most to gain from these activities. This provides a clear rationale for increased and specifically targeted promotion of active living. Results of the current investigation suggest that community interventions that increase active living prevalence in economically disadvantaged communities may have a positive impact on HRQOL. Research should continue to focus specifically on elucidating methods to successfully promote active living to groups of lower SES in order to reduce health disparities along socioeconomic lines.
